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Reduce PVR by 50% 

Reduce outlet resistance 

Increase bladder contractility 

Reduce recurrent UTI 

Clinical Outcomes 

Normal UAB 



Therapeutic targets 

 Mucosal (Afferent) signaling 

and/or 

 

  Myocyte (Efferent) signaling 

 

 

 Supraspinal and spinal centers 

Bladder filling 
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 Acetylcholine  - direct or indirect cholinergics 

 Prostaglandin E2 – EP2/EP3 dual agonists 

 Neurite growth Enhancers- TAC302, Amitriptyline 

 TRP channels - TRPV4, TRPA1, TRPM8 partial or 

complete agonists  

 ATP - P2Y1 receptor  antagonists                             

Potential Targets 
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Bethanechol & UAB 

Baseline CMG - in Diabetic 

UAB before drug 

CMG 30 minutes after  25 

mg bethanechol 

Pdet Qmax 35 cm H2O at a 

volume of 250 ml 

 

Level of evidence 4; Grade 

of recommendation D 

 
 

Nat Clin Pract Urol 2004 1: 78–84;  
Neurourol Urodyn. 2011;30(5):723-8.  

http://www.ncbi.nlm.nih.gov/pubmed/21661020
http://www.ncbi.nlm.nih.gov/pubmed/21661020
http://www.ncbi.nlm.nih.gov/pubmed/21661020
http://www.ncbi.nlm.nih.gov/pubmed/21661020


Intravesical PGE2 For 

Atonic Bladder 

Saline PGE2 

EP1 (green) Cox-1 (red) 

J Urol 2011;185(1):315; Urology 2015 



Bethanechol + PGE2 

Bethanechol 50 mg q.i.d, for  6 

weeks + weekly intravesical 

PGE2 (1.5 mg/20 mL) to 9 male 

UAB  

PVR at 3 months decreased 

from 426 (405–480) to 325 (290–

252) mL 

 Limited therapeutic effect over 

placebo  
Int J. Urology  2005 ; 12 (10); 875-880 

BJU Int. 2004;93(1):89-92 
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Non-UAB      UAB 

http://onlinelibrary.wiley.com/doi/10.1111/j.1442-2042.2005.01140.x/full#f1


Distigmine & UAB 

Distigmine 5 mg daily add-on to  α1-blockers for 8 

weeks in 18 and 21UAB patients 

Ave. age 75 y  and baseline PVR  50mL 

Significant reduction of PVR and IPSS 

Frequent defecation, fecal incontinence, diarrhea, 

frequent urination in 4 subjects 

Level of evidence 4; Grade of recommendation D 

Nihon Hinyokika Gakkai Zasshi. 2014 ;105(1):10-6. 

http://www.ncbi.nlm.nih.gov/pubmed/24605581
http://www.ncbi.nlm.nih.gov/pubmed/24605581
http://www.ncbi.nlm.nih.gov/pubmed/24605581
http://www.ncbi.nlm.nih.gov/pubmed/24605581
http://www.ncbi.nlm.nih.gov/pubmed/24605581
http://www.ncbi.nlm.nih.gov/pubmed/24605581


Intravesical 

Carbachol  30uM 
Intravesical 

saline 



Mechanoreceptor-TRPV4 

The Journal of Urology, 186 (3), 2011, 1121–1127 
J Pharmacol Exp Ther. 2008 Aug;326(2):432-42 
 

http://www.ncbi.nlm.nih.gov/pubmed/18499743
http://www.ncbi.nlm.nih.gov/pubmed/18499743
http://www.ncbi.nlm.nih.gov/pubmed/18499743
http://www.ncbi.nlm.nih.gov/pubmed/18499743
http://www.ncbi.nlm.nih.gov/pubmed/18499743
http://www.ncbi.nlm.nih.gov/pubmed/18499743
http://www.ncbi.nlm.nih.gov/pubmed/18499743


TRPV4 and UAB model 
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Neurotrophin Mimetics 

Chem Biol. 2009 Jun 26;16(6):644-56. 

Noma et al AUA 2013 

http://www.ncbi.nlm.nih.gov/pubmed/19549602


NGF Mimetic- Amitripyline 

Chem Biol. 2009 Jun 26;16(6):644-56. 

http://www.ncbi.nlm.nih.gov/pubmed/19549602


Plavix & TRPA1 

Cell Calcium. 2014 ;55(4):200-7.  Streng et al, 2008;53:391-399 

http://www.ncbi.nlm.nih.gov/pubmed/24636274


TRPA1 Agonists- Intravesical 

Streng et al, 2008;53:391-399 



Myocyte signaling- Target 

 Facilitate Neurogenic contraction 

- M1 muscarinic agonists, 

- N-type VGCC agonist (Ampyra) 

- CB1 antagonists  

 Facilitate Spontaneous Contraction- 

KCNQ and HCN channel blockers 

 Decrease outlet Resistance 

- α1 AR antagonists,  

- NO donors, PDE9 inhibitors, BoNT-A, 

- benzodiazepines, Baclofen, Dantrolene 



Presynaptic M1 are auto-

facilitatory  

Cevimeline is M1 agonist ( 

dry mouth drug) 

Acotiamide is a 

gastroprokinetic agent  

Neurogenic Contraction 

 

Ampyra 
CB1 
 



Acotiamide – Reduces PVR 

Res Rep Urol. 2015 8;7:81-3. 
J Pharmacol Exp Ther. 2000;294(1):33-7. 

GP Stomach Strips 

http://www.ncbi.nlm.nih.gov/pubmed/26056686
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z-338+facilitates+acetylcholine+release+from+entric+neurons+due+to+blockade+of+muscarinic+autoreceptors+in+guinea-pig+stomacetylcholine


Maggi et al. Brain Res. 1988 May 24;449(1-2):61-70. 

Wu Z et al. J. Biol. Chem. 2009;284:36453-36461 

Arch Med Res. 2010;41(7):567-75. 

Spinal Cord. 2013 Nov 12 

Neurogenic Contraction 

 4-AP, (Ampyra ) potentiate 

voiding 

 Directly stimulate pre-synaptic 

N-type VGCC (0.5mM)  and 

blocks Kv1 family at 1mM 

 Fampridine 30mg daily dose  

improved spasticity in SCI 

http://www.ncbi.nlm.nih.gov/pubmed/24216616


CB
1
 Antagonist & Afferents 

CB1 agonist reduced activity 

in high threshold afferents 

  Can anti-obesity drug 

Rimonabant increase afferent 

input in UAB? 

 
Dmitrieva et al  J. Neurosci. 2002;22:7147-7153 

Walczak et al. Neuroscience 2009;159(3):1154-63. 

Exp Clin Endocrinol Diabetes 2013;121(1):20 

CB1 agonist raised MT and  
CB1 antagonist reduced MT 
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HCN Blockade – Bladder 

Contractility 

 Cumulative addition of 

ZD7288  increased the 

myogenic contractility of 

human  detrusor strips 

 HCN4 expressed in human 

bladder, HCN2 in heart 



Urothelium  denuded 

HCN Blocker vs TRPV4 

Agonist 
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Br J Pharmacol 2013; 169( 6), 1290-1304, 

KCNQ Blocker- Spontaneous 

Contraction 

KCNQ blockers increased 

TTX resistant contractions 

of guinea pig detrusor strips 

 

  Frequency and Baseline 

tone not affected 



Reduction of Outlet 

Resistance -Tamsulosin 

 97with 52 having DU/UAB studied over a  5 year trial 

 0.2 mg Tamsulosin daily for 6 or more weeks 

 32% of DU patients responded to Tamsulosin  with >50% reduction in VS 

combined with >30% increment in Qmax 

 Level of evidence 4; Grade of recommendation C 
Chang et al 2008; Int J Urol’ Vol 15(11)1, pages 981-985           Neurourol Urodyn. 2011;30(5):723-8    

http://www.ncbi.nlm.nih.gov/pubmed/21661020
http://www.ncbi.nlm.nih.gov/pubmed/21661020
http://www.ncbi.nlm.nih.gov/pubmed/21661020
http://www.ncbi.nlm.nih.gov/pubmed/21661020


Reduction of Urethral 

Resistance –NO Donors 

 Isosorbide dinitrate 10mg sublingually to 12 SCI 

patients 

  Resting external urethral sphincter pressures  

decreased 
Eur Urol. 2004;45(4):516-20. 

http://www.ncbi.nlm.nih.gov/pubmed/15041118
http://www.ncbi.nlm.nih.gov/pubmed/15041118
http://www.ncbi.nlm.nih.gov/pubmed/15041118
http://www.ncbi.nlm.nih.gov/pubmed/15041118


Targeting Spinal & 

Supraspinal Control 

Chiba et al Neurourol Urodyn. 2015 Jul 30. 

Neurotransmitter levels in rat PFC 

Measured during awake CMG 

by micro dialysis  

Laughter is the best 

medicine because it 

releases dopamine & 5-HT 



Apomorphine & 

Micturition Volume 
 Increases voiding 

frequency and  micturition 

volume upto 45min 

 Apo increases the afferent 

activity and  stimulate 

central micturition center 

 L-dopa in combination with 

Domperidone reduced first 

sensation to void 
 

Neuroscience  2009,15;162(4):1333-8 
Brusa 2006; J. Urol 175; 202  
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5-HT1 A Agonist  

Exp Neurol 2013;239:210-7. 
Am J Physiol Regul Integr Comp Physiol. 2014  
15;307(10):R1239-50.  

Male  

Female  

http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414
http://www.ncbi.nlm.nih.gov/pubmed/25209414


Peripheral Acting Mu Opioid Receptor 

Antagonists (Pegylated Naloxone) 

Naloxone blocks the inhibitory action of the 

enkephalins on voiding 

Naloxone raised detrusor pressure of acute spinal 

shock patients during CMG 

Naloxone diminished pelvic floor EMG activity  in 

10 detrusor areflexic patients from 4 month old 

lower level SCI 

PAMORAs 

J Urol. 1987 ; 137(6):1202-5 
Ann Clin Res. 1982 Apr;14(2):98-102 

PEG 

http://www.ncbi.nlm.nih.gov/pubmed/3586156
http://www.ncbi.nlm.nih.gov/pubmed/3586156
http://www.ncbi.nlm.nih.gov/pubmed/3586156
http://www.ncbi.nlm.nih.gov/pubmed/7149617
http://www.ncbi.nlm.nih.gov/pubmed/7149617
http://www.ncbi.nlm.nih.gov/pubmed/7149617
http://www.ncbi.nlm.nih.gov/pubmed/7149617


Bladder 

Medial  
Prefrontal  

Cortex 

Periaquaductal  

Gray 

Pontine  

Micturition  
Center 

Basal 

Ganglia 

Sacral  

Parasympathetic 

nucleus 

Onuf's  

Nucleus 
Pelvic  

Nerve 
Pudendal  

Nerve 

Symapathetic 

Intermediolateral 

Nucleus  

Hypothalamus 

Hypogastric  
Nerve 

5HT1A receptor Agonism 

1-antagoinst 

NO donors, Botox 

Direct & Indirect Cholinergic 

Agonist 

Neurotrophin mimetics 

TRPV4,TRPA1, Agonist 

CB1 Antagonist 

Opioid Antagonism 

Dopamine receptor Agonism 

Cevimeline 

Acotiamide, Ampyra  

KCNQ & HCN blockers 

Summary 



THANK 

YOU! 


